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Catalyst Deactivation

C, reduces with time of use of the catalyst on process

Activity of the catalyst (definition)

a(t) = (activity of j ~ reaction rate at time t (used catalyst) (—l’A)'\t
the catalyst) reaction rate at time t = O (fresh catalyst) (—rA)'\ o

For a fresh catalyst, a(t=0)=1

Rate of deactivation r, = _da_ k,(T)f(a)h(C,,C;,...)

dt
f(a)=a’ (zeroorderdecay of activity)

f(a)=a' (lst-orderdecay of activity)
f(a) =a® (2nd - order decay of activity)

etc.
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Catalyst Deactivation

Types of deactivation
(1)Deactivation by Sintering or Aging
(2)Deactivation by Coking or Fouling

(3)Deactivation by Poisoning



Catalyst Deactivation by
Sintering / Aging / Structural changes
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Pore closure (structural degradation)
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Sintering (metallic supported catalyst)
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Catalyst Deactivation by Sintering
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Fig 4 Particls az= distributions detarmined by TEM for catalyet COPR-200 a2 2 furetion of sintaring time. (a) 2 reduced; (b) 5 k(2] 15k (d) 30k
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Catalyst Deactivation by Sintering

ib)

Fig. 5 TEM micrographs of catalyst COPR-450 aftar Sh sintaring (a), and after 30 b sintznng (B, under steam reforming of CH, at 800°C

Teixeira & Giudici, Chem. Eng. Sci. 54 (1999) 3609-3618 6



Catalyst Deactivation by Sintering
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Catalyst Deactivation by
Coking / Fouling / formation of coke

{a) Fresh catalyst (b) Spent catalyst



Catalyst Deactivation by Coking / Fouling

Coking (during catalyst use on process)

Regeneration by controlled burning (slowly, ~1-2% O,) ;



Catalyst Deactivation by Coking / Fouling and Regeneration

605" C
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Aegenarator
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& charge
Figure 13.2-1 Reactor-regeneration system for
catalytic cracking of gasoil {(afier Zenz and Figure 13.2-2 Kellogg orthofiow model F convertor
ihmer [“]']:.. with riser cracking and two-stage regeneration ( from

Murphy and Soudek [30]).



Catalyst Deactivation by Coking / Fouling and Regeneration
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Catalyst Deactivation by Poisoning

Poison = impurities present in the feeding stream that are
chemiosorbed irreversibly to the active sites (thus reducing the
number of sites)
e.g., ulfur compounds (H,S, mercaptans),

arsenium compounds, etc.

H -
A B guard catalytic
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Deactivation kinetics

o Zero-order

e ]st-order

e 2nd-order

—%:kOI a(t) =1-k,t
— % =k, a a(t) = exp(—k,t)
da 1

k,a° a(t) =

Cdt 1+k,t
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Deactivation kinetics and reactor type UST,
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DEACTIVATION REACTOR TYPE
RATE

e Slow - » Packed-bed reactor
(years/months) (+ T(t) trajectory)

 Moderate

‘ * Moving-bed reactor
(weeks, days)

e Fast idi
‘ e Fluidized bed
(hours, minutes) (bubbling regime)

Extremely fast

e Straight-through transport reactor
(seconds) . X P

(pneumatic transport, riser, downer)




Reactor types
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UST;

Temperature-time trajectory for
packed-bed reactor
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Temperature-time trajectory ES_T_]

Change T(t) to keep X,=constant and (-r,) =constant

(_rA),‘t:O,TzTO - (_rA),‘t,T(t) - a(t)'(_rA),‘tzo,T(t) Toa
) k(TOV)cfAP ’ a(t)k\(fT)CE a(T) or T(a)
E.(1 1 1 1 R

k(T.) =at)k(T) =a(t)k(T,)exp - —2| = —— — = In(a
(Ty) =a(t)k(T) = a(t)k(T,) XD[ R(T Toj] =>[T T E, ()]
da ; E,(1 1 ; E a

_E:kd (Ta" = k, (To)exp[—F;'(T—TODa =k, (To)expE—Eiln(a)ja
da k(T (”E—ﬂ at

T a(To) a(t) ort(a)

a A (-n+E4/Ep)
[ ey =kt =[t=—~3
1 a/En 0 K, (T)[l-n+ E, /E , |
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Temperature-time trajectory TR

Maximum allowable temperature -
C T* —
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UST;

Moving Bed Reactor
and
Straigth-through Transport Reactor
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Moving-bed reactor
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Moving-bed reactor

Energy Balance (casel: T, =T,)
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Moving-bed reactor
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Moving-bed reactor (cocurrentand countercurrent)
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Straigth-through Transport Reactor
(Riser, Downer) m

DISEMGAGER-STRIPPER

:4]__“3,
R
i ¥ ,{4 Balance equations are
=i quite similar (actually the same ones)
LI as those of the Moving Bed Reactor
PO (but in this case there is only
Catalyst ) ; .
Rogeneraion | the cocurrent configuration)
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Catalyst Deactivation
Recommended EXxercises
(Fogler Chapter 10)

P-10-18 (32 Ed.) = P-10-19(h) (42. Ed.)
P-10-15 (3% Ed.) = CD-P-10h (42 Ed.)
P-10-19 (32 Ed.) = P-10-20 (42 Ed.)

------- (32 Ed.) = P-10-21 (4 Ed.)
P-10-22 (32 Ed.) = P-10-23 (4 Ed.)
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